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disuse of the term “epipharynx,” “as it is really part of 
the upper lip,” This is not shown to be so if carefully 
prepared serial transverse sections are made of the 
proboscis. By this means it is seen that the epipharynx 
is a tunnel-shaped tube through which blood is drawn up 
and which is strengthened on each side by a chitinous 
rod, in the centre of which is a core of chitin-forming 
cells—prolongations forward of the cells lining the 
external chitin of the whole body. The epipharynx is 
by its dorsal surface very intimately connected with the 
“labrum,” or upper lip proper, throughout its whole 
length. That the labrum does not, however, extend as 
far as the tip of the epipharynx is shown by the presence 
of the core of chitin cells which here approaches the 
dorsal surface. The two pieces, the labrum and the 
epipharynx, therefore represent two distinct organs, 
which are bound closely together for a great part of their 
length by a delicate connective tissue, so that the com¬ 
bined organ might rather be called the “labrum- 
epipharynx,” a term first suggested by Dimmock. Near 
the base of the proboscis the labrum is composed of a 
curved lamella of chitin, concave upwards, convex 
towards the convex upper surface of the epipharynx—the 
open sides being closed by folds of delicate chitin, which 
unite below with the lateral rods of the epipharynx, the 
space thus enclosed being filled with delicate loose 
cellular connective tissue. 

Mr. Theobald also describes the hypopharynx as “a 
small needle-like thread connected with a poison gland 
at its base.” The hypopharynx does not lie between the 
four stylets (the mandibles and the maxillae) and the epi¬ 
pharynx, but, as is well shown in well-prepared sections, 
the lower edges of the mandibles fit in between the hypo¬ 
pharynx and the epipharynx at the sides, and only in 
the middle line do the thin lower edges of the epipharynx 
and the upper surface of the hypopharynx meet. More¬ 
over, the stfucture at the base of the hypopharynx is not 
a poison gland, but, a receptacle for the collection of 
veneno-saliva secreted by the salivary glands situated in 
the prothorax. This receptacle is somewhat trumpet¬ 
shaped, with sides of strong rigid chitin. The mouth 
opens on to the upper end of a groove which runs along 
the whole length of the hypopharynx, the veneno-salivary 
gutter ; whilst the broad end is composed of delicate 
membranous tissue, and receives about its middle the 
insertion of the common salivary duct. Into this mem¬ 
brane also are inserted the tendons of delicate muscles. 
The receptacle is simply a store for saliva which is 
discharged by the falling back of the membrane, pre¬ 
viously retracted by the muscles attached to it. 

Mr. Theobald emphasises the importance of the scale 
structure of the insects, and considers it to be one of 
the most important characters for both generic and 
specific distinction ; the whole classification in the mono¬ 
graph is mainly based on the scale structure. In the 
description of the wings, the terminology of Skuse, 
which is the simplest and best suited for purposes of 
identification, has been adopted. 

The paragraphs on the bionomics of mosquitoes treat 
chiefly with the habits of Anopheles and Culex, These 
paragraphs contain many incorrect and misleading 
statements, and other recent works might be consulted 
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for more trustworthy information on this subject. For 
example, the author concludes that Anopheles maculi- 
pennis does not bite here in England, and suggests the 
question whether this may not have some bearing on 
the dying out of malarial fever in this country. Now 
there is no doubt that A. maculipennis have been found 
gorged with blood in some parts of England in bedrooms 
and other places. Moreover, however closely the dis¬ 
tribution map of the English Anopheles corresponds 
with the old malarial district map which Dr. Nuttall has 
worked out, it is quite certain that there is hardly any 
district of England entirely free from Anopheles, which 
arc-easy to find if diligent search be made. 

He further states, on the authority of Dr. Daniells, that 
in the greater part of India blackwater fever is unknown; 
on the contrary, however, this disease is more prevalent 
in some parts of India than in Africa. 

In that greater portion of the work which deals with 
the classification and descriptions of the mosquitoes, the 
author has prepared extremely serviceable and minutely 
detailed entomological accounts of the characteristics of 
all the then known species. Of the old genera, the fol¬ 
lowing have been retained Culex, Anopheles, ^Edes, 
Mochionyx, Megarhinus, Psorophora, Sabethes, Core- 
thra, Uranotaenia, Haemagogus and Tasniorhynchus 
(modified). The new genera added by Mr. Theobald 
are Wyeomyia, Deinocerites, Hideomyia, Panoplites, 
Eretmapodites, Janthinosoma, Stegomyia, Mucidus, 
Toxorhynchites and Trichoprosopon. 

Of the 300 species described, 136 are new. The 
majority of species described are those found in and 
around towns orare known pests to travellers and traders; 
a few, of the genera Megarhinus and Sabethes, which 
probably occur more abundantly in forests, are also 
described. 

The author deserves very great credit for the enormous 
amount of work which must have been entailed in the 
preparation of the details of this large number of species, 
and it is extremely desirable that in its second edition 
the great value of the work, especially to those who are 
engaged in the study of disease in tropical and sub¬ 
tropical countries, will be still further increased by the 
correction of the errors and contradictions which have 
evidently been overlooked in the hurry of publication. 


THE DIRECT-CURRENT ARC. 

The Electric Arc. By Hertha Ayrton, M.I.E.E. Pp. 
xxv 4- 479. (London : The Electrician Printing and 
Publishing Company, Ltd.) Price 12 s. 6 d. 

HERE are few electrical phenomena which are of 
more interest than those exhibited by the electric 
arc, or which are more difficult to investigate. The 
complexity of the laws by which it is governed and the 
number of factors which can be varied independently 
make any research into its properties of a laborious 
character. Mrs. Ayrton is to be congratulated, not only 
on the painstaking investigations which she has carried 
out on the direct-current arc, but also on the remarkable 
success which has attended her work. Much of the book 
before us is already familiar as the result of papers 
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published in the Electrician or communicated to scientific 
societies. But in one sense the book may be said to be 
entirely new, as it presents for the first time the results 
of Mrs. Ayrton’s work in the form of a connected whole 
in which the interdependence of the various parts is 
made manifest. 

After a short chapter on the general appearance of the 
arc, Mrs. Ayrton gives, in a chapter of nearly eighty 
pages, a history of its discovery and development and of 
the investigations to which it has been subjected. 
Though the discovery is usually attributed to Davy, it is 
clear from the quotations given by Mrs. Ayrton that the 
arc was evolved from the electric spark without any 
distinct recognition of the difference between the two ; to 
Davy, however, belongs the credit of the first description 
of an undoubted arc, from which dates, probably, its 
recognition as a distinct phenomenon. The remainder 
of the chapter, in which all the important papers on the 
arc are considered, is of great value, especially, perhaps, 
to the student, as it leads by easy gradation from the 
simpler theories which were advanced at first to the more 
complex and complete explanations which have to be put 
forward now that all the problems arising are more 
fully realised. 

Mrs. Ayrton then passes on to the behaviour of the 
arc immediately after striking, and to the necessity of 
working with “ normal ” arcs, that is, arcs in which the 
P.D. has assumed its steady value for the given current 
and length of arc. The laws that govern the P.D., 
current and other electrical quantities are then considered 
in detail, as a result of which Mrs. Ayrton’s now familiar 
equation connecting the P.D. with the current and 
length of arc is derived. The equation, which is of the 


form V = a + bl + — _r —, where 
A 


b, c and d are con¬ 


stants depending on the carbons and V, l and A the 
P.D., length of arc and current respectively, is shown to 
fit in with the results of the experiments of previous 
investigators, even though the equations which they had 
themselves advanced were different or less complete. 
This equation, which applies only to solid carbons, is 
very accurate over the range studied by Mrs. Ayrton. 
The effect of cores in cored carbons is considered, and 
it is shown, by an examination of the P.D. between the 
carbons and the arc, how the various terms of the equa¬ 
tion can be correlated with the physical phenomena in 
the arc. 

Especial interest attaches to the above equation on 
account of its connection with the theory advanced in 
the final chapter. But apart from this, the whole of this 
portion of the work is of the highest intrinsic value. We 
cannot, with the space at our disposal, consider it in 
any detail, but we might particularly draw attention to 
chapter viii., which deals with the stability of the arc, 
and to chapter x., on hissing arcs. The chapters dealing 
with the efficiency of the arc, considered first as a con¬ 
sumer of power and secondly as a source of light, should 
appeal strongly to those who are interested in arcs from 
the practical standpoint, especially as they show how 
much the commercial standard falls below that actually 
obtainable. The arc enjoys at present the distinction of 
being the cheapest form of artificial light, so that the only 
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competition to be met is that between different forms of 
lamps ; but this is quite sufficient to lead to the ad¬ 
visability of an attempt at improvement by the scientific 
study of the best conditions of working. 

In chapter xii., Mrs. Ayrton puts forward her theory of 
the arc. It is hardly fair to consider this theory apart 
from the rest of the book, as it arises naturally out ol the 
views advanced therein. For a long time experimenters 
have been divided into two camps, those who believed 
in the existence of a back E.M.F. in the arc and those 
who did not. According to Mrs. Ayrton’s view, it is not 
necessary to assume the existence of a back E.M.F. to 
account for the high fall of potential between the positive 
carbon and the arc, as it can be explained in another 
way. The conducting part of the arc consists, on this 
view, of a very thin film of true carbon vapour at the 
crater and of carbon mist throughout the rest of the arc. 
The very high specific resistance of the carbon vapour 
accounts, not only for the fall of P.D., but also for the 
volatilisation and cratering of the positive carbon. It is 
shown from actual measurements of the cross-sections of 
the mist and vapour that their variation with current and 
length of arc lead to a law of variation of P.D. precisely 
similar to that given in the above equation. If we may 
venture criticism, we should like to point out that the 
explanation suffers from being only qualitative, and 
though the form of the equation is the same there is 
nothing to show that the constants are of the same 
magnitude. It remains to be shown by experiment 
whether this is the case or not. 

The method of measuring the “true” resistance of 
the arc by a superimposed alternating current fails, as 
Mrs. Ayrton shows, unless it can be proved that the 
added current in no way affects either the resistance or 
the back E.M.F. (if existent). It is well known that this 
method leads in some cases to negative results, and 
Mrs. Ayrton points out that it may lead to any value 
from a large negative one to that of the “ true ” resistance, 
according to the frequency of the added current, which 
must be as high as “ many thousands of alternations per 
second for the resistance of the arc not to be altered by it.” 
In a recent paper by Mr. Duddell, read before the Royal 
Society, the results of experiments with a frequency as 
high as 120,000 alternations per second were given, and 
the author claimed that they showed a true resistance of 
about four ohms and a back E.M.F. of twelve volts. 
Unfortunately, this paper was not published at the time 
of the completion of Mrs. Ayrton’s book, but it would be 
interesting to learn whether she can harmonise it with 
her theory. Incidentally, it may be noted that Mrs. 
Ayrton’s explanation accounts for the effects produced 
by cores and for the shapes to which the carbons burn, 
and there can be little doubt that, whether or not it 
proves sufficient to rank as a complete theory, it is a 
great advance towards the clear appreciation and the 
solution of the problems presented. 

In conclusion, we may commend the excellent draw¬ 
ings of arcs and carbons with which, in addition to 
curves and diagrams, the book is copiously illustrated. 
Altogether the book deserves to rank as one of the most 
important contributions to electrical literature that has 
appeared of late years. M. S. 
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